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5DLOZD\ EULGJHV UHSUHVHQW WKH VLJQLILFDQW SDUWV RI WKH UDLOZD\V GXH WR WKHLU NH\ DQG VWUDWHJ\ SRVLWLRQ LQ WUDQVSRUWDWLRQ
LQIUDVWUXFWXUH'XULQJWKH\HDUVRIH[SORLWDWLRQPDQ\GHJUDGDWLRQSURFHVVHVDQGH[WHUQDOLQIOXHQFHVDWWDFNWKHEULGJHVWUXFWXUHV
'XHWRWKRVHHIIHFWVWKHLUGXUDELOLW\DQGUHOLDELOLW\LVGHFUHDVLQJGHSHQGLQJRQWLPH2QWKHRWKHUKDQGWKHWUDIILFORDGUHPDLQV
DOPRVW WKHVDPHRUHYHQKLJKHU WKDQ LQ WKHSDVW%XWEULGJHVVKRXOGQRW WREHFRPHWKHOLPLWLQJFRPSRQHQWRIFRPPXQLFDWLRQ
FDSDFLW\DQGWUDIILFUHOLDELOLW\SDVVDJH,QWKHSHULRGRIWKHFROOHFWLYHRI WKH'HSDUWPHQWRIVWUXFWXUHVDQGEULGJHVKDV
ZRUNHG XS WKH*XLGHOLQH ³'HWHUPLQDWLRQ RI ORDGFDUU\LQJ FDSDFLWLHV RI UDLOZD\EULGJHV´ >@7KH*XLGHOLQHZDV SUHSDUHG IRU
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(YDOXDWLRQ RI H[LVWLQJ EULGJHV UHSUHVHQWV WKH VXEVWDQWLDO SURFHVV DQG VRXUFH RI LQIRUPDWLRQ UHOHYDQW IURP WKH
YLHZSRLQWRIGHFLVLRQPDNLQJSURFHVVHVUHODWHGWRWKHVWUDWHJ\RIEULGJHPDLQWHQDQFHUHSDLURUUHFRQVWUXFWLRQ>@
7R EH REMHFWLYH WKH EULGJH HYDOXDWLRQ VKRXOG EH EDVHG RQ WKH UHOLDELOLW\ FRQFHSW UHVSHFWLQJ WKH ORDGFDUU\LQJ
FDSDFLW\ DV WKH EDVLF SDUDPHWHU RI WKH H[LVWLQJ EULGJH UHOLDELOLW\ 7KHUHIRUH HYDOXDWLRQ RI H[LVWLQJ EULGJH VKRXOG
LQFRUSRUDWHQRWRQO\SHULRGLFLQVSHFWLRQDQGVXEMHFWLYHDVVHVVPHQWRIDFWXDOEULGJHFRQGLWLRQEXWDOVRYHULI\LQJWKH
EULGJHUHOLDELOLW\DIIHFWHGE\WKHDFWXDOEULGJHFRQGLWLRQ
)URP WKLV YLHZSRLQW WKH EULGJH HYDOXDWLRQ VKRXOG EH FRQVLGHUHGZKHQ VLJQLILFDQW GHYLDWLRQV IURP WKH SURMHFW
GHVFULSWLRQVDUHIRXQGZKHQVRPHUHOHYDQWGDPDJHLVREVHUYHGRUZKHQWKHEULGJHH[FHHGVLWVSODQQHGVHUYLFHOLIH
&RQFXUUHQWO\ WKH EULGJH ORDGFDUU\LQJ FDSDFLW\ LV WKH GHFLVLRQ SDUDPHWHU IRU GHWHUPLQLQJ WKH SDVVDJH RI
FRUUHVSRQGLQJUDLOZD\VHUYLFHORDGRYHUWKHEULGJH
*HQHUDOO\





EULGJHV FRPSRVLWH VWHHO DQG FRQFUHWHEULGJHV FRQFUHWHEULGJHV DQGPDVRQU\EULGJHV UHVSHFWLYHO\7KH$QQH[(
LQWURGXFHVDSDWWHUQIRUWKHWDEOHRIVXPPDUL]HGORDGFDUU\LQJFDSDFLWLHVRIEULGJHPHPEHUVDQGSDUWV,QWKH$QQH[








RI WKH H[LVWLQJ EULGJH DFFRUGLQJ WR DSSURDFKHV DQG SULQFLSOHV SUHVHQWHG LQ WKH *XLGHOLQH UHVSHFWLQJ DGGLWLRQDO
DOOHYLDWLRQVFRPSDUHGWRQRUPDOORDGFDUU\LQJFDSDFLW\
5HOHYDQWEULGJHDGPLQLVWUDWRURUFRPSHWHQWDXWKRULW\RI6ORYDN5DLOZD\VVSHFLILHV WKHUHTXLUHGFDWHJRU\RI WKH







7KH HYDOXDWLRQ RI WKH SDVVDJH RI WKH DSSURSULDWH VHUYLFH ORDG GHILQHG LQ DFFRUGDQFH ZLWK WKH VWDQGDUG >@
UHSUHVHQWV WKH UHOHYDQW UHVXOW RI WKH GHWHUPLQDWLRQ RI WKH EULGJH ORDGFDUU\LQJ FDSDFLW\ 7KH VHUYLFH ORDG LV WKH
JHQHUDO WHUPIRU OLQHDQG ORFRPRWLYHFDWHJRULHVRI UDLOZD\ WUDIILF ORDGZLWKDVVRFLDWHGVSHHGVDQGDOVRIRUVSHFLDO
UDLOZD\WUDFNYHKLFOHV
7KHJHQHUDO SDUW RI WKH*XLGHOLQH VSHFLILHVEDFNJURXQGDQG UHOHYDQWSULQFLSOHV DQG UXOHVYDOLG IRU DOO W\SHVRI
UDLOZD\EULGJHVWRGHWHUPLQHWKHLUORDGFDUU\LQJFDSDFLWLHVEDVHGRQWKHIXOILOPHQWRIWKHDSSURSULDWHFULWHULDRIWKH
UHOHYDQW XOWLPDWH DQG VHUYLFHDELOLW\ OLPLW VWDWHV ,WPHDQV VSHFLILFDWLRQ IRU EULGJH DFWLRQV G\QDPLF HIIHFWV RI WKH
YDULDEOHWUDIILFORDGVSDUWLDOVDIHW\IDFWRUVIRUDFWLRQVPDWHULDOSURSHUWLHVDQGSURFHGXUHVRIGHWHUPLQLQJLWVGHVLJQ
YDOXHVPHWKRGV RI WKH EULGJH JOREDO DQDO\VHV DQG SURFHGXUHV IRU GHWHUPLQDWLRQ RI EULGJH ORDGFDUU\LQJ FDSDFLW\
GHSHQGLQJRQ LWV FDWHJRU\PHQWLRQHG DERYH $%& DQG'7KHSURFHGXUH KRZ WR HYDOXDWH WKHSDVVDJHRI WKH
VHUYLFH ORDG RYHU WKH DVVHVVHG EULGJH EDVHG RQ WKH FRPSDULVRQ RI WKH GHWHUPLQHG ORDGFDUU\LQJ FDSDFLW\ WR WKH
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HIILFLHQF\RIWKHVHUYLFHORDGUHSUHVHQWHGE\WKHUHOHYDQWOLQHFDWHJRULHVLVDOVRSUHVHQWHGLQWKHJHQHUDOSDUWRIWKH
*XLGHOLQH
2.1. Actions on existing bridges 
$OOPDLQSURYLVLRQVDFFRUGLQJWR(XURFRGHIRUDFWLRQVRQEULGJHV>@VKRXOGEHUHVSHFWHG7KHFXUUHQWVWDWHRIWKH
ORFDWLRQ DQG WKH YDOXH RI DFWLRQV VKRXOG EH LGHQWLILHG E\ LQVLWX PHDVXUHPHQW FRPSDUHG WR DYDLODEOH EULGJH
GRFXPHQWDWLRQ &KDUDFWHULVWLF YDOXHV RI WKH SHUPDQHQW ORDGV RQ H[LVWLQJ EULGJHV VKRXOG EH WDNHQ DFFRUGLQJ WR




)RU H[LVWLQJ EULGJHV WKH YHUWLFDO UDLO WUDIILF ORDG LV UHSUHVHQWHG E\ WKH/0 LQ DFFRUGDQFHZLWK VWDQGDUG >@















7KH UHOLDELOLW\ RI H[LVWLQJ EULGJH VWUXFWXUDO PHPEHUV DQG WKHLU FURVVVHFWLRQV VKDOO EH YHULILHG DQG WKHLU ORDG
FDUU\LQJFDSDFLW\VKDOOEHGHWHUPLQHGXVLQJSDUWLDOVDIHW\IDFWRUVPHWKRG7KHSDUWLDOIDFWRUVRIORDGHIIHFWVDUHXVHG
WRGHWHUPLQHGHVLJQYDOXHVRISHUPDQHQWVHOIZHLJKWRIVWUXFWXUDODQGQRQVWUXFWXUDOEULGJHHOHPHQWVYDULDEOHORDG
HIIHFWV RQ H[LVWLQJ EULGJHV /0 QRVLQJ IRUFH FHQWULIXJDO IRUFH EUDNLQJ DQG DFFHOHUDWLRQ IRUFHV DQG GHVLJQ
YDOXHVRIQRQWUDIILFORDGHIIHFWVGXHWRZLQGDQGWKHUPDOORDGV7KHIROORZLQJYDOXHVRISDUWLDOIDFWRUȖ*VKRXOGEH










• )RUEULGJHVWUXFWXUDOPHPEHUV\RXQJHUWKDQ\HDUV Ȗ4 
• )RUEULGJHVWUXFWXUDOPHPEHUVROGHUWKDQ\HDUV Ȗ4 
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7KHYDOXHVRISDUWLDOIDFWRUVIRUSHUPDQHQWDQGYDULDEOHUDLOWUDIILFORDGHIIHFWVZHUHGHULYHGIURPWKHYDOXHVYDOLG
IRUGHVLJQRIQHZEULGJHVZKLFKDUHGHILQHGLQWKH1DWLRQDO$QQH[>@3URFHGXUHVGHVFULEHGLQSDSHU>@ZHUHXVHG
WRGHULYHYDOXHVRISDUWLDO IDFWRUV IRU ORDGHIIHFWVYDOLG IRU H[LVWLQJEULGJH HYDOXDWLRQ3DUWLDO IDFWRUV IRU WKH ORDG
HIIHFWV FRQFHUQLQJ WKH VHUYLFHDELOLW\ OLPLW VWDWHV VKRXOG EH FRQVLGHUHG E\ YDOXHV RI γ)VHU    7KH *XLGHOLQH
SURYLGHVSRVVLELOLW\ WRGHWHUPLQHYDOXHVRISDUWLDOIDFWRUVIRU ORDGHIIHFWVE\PHDQVRI WKHPRUHSUHFLVHSURFHGXUH
DFFRUGLQJ WR DUWLFOHV >@ >@JLYHQ LQ$QQH[)RI WKLV*XLGHOLQH LQGHSHQGHQFHRQ WKH DJHRIEULGJH VWUXFWXUDO
PHPEHU DQG EULGJH SODQQHG UHPDLQLQJ OLIHWLPHZKLFK VKRXOG EH GHILQHGE\ WKH UHOHYDQW DXWKRULW\ RI WKH6ORYDN
5DLOZD\V
$QDO\VLVRIH[LVWLQJVWHHOUDLOZD\EULGJHV








REWDLQHG E\ GLYLGLQJ WKH FKDUDFWHULVWLF YDOXHV E\ SDUWLDO IDFWRU Ȗ0L ZKLFK PD\ EH WDNHQ IURP 7DEOH  ,I WKH
FRQVWUXFWLRQ\HDURIWKHEULGJHLVNQRZQDQGQRGRXEWVDUHDERXWWKHPDWHULDOFODVVLILFDWLRQ66DQG6
WKHQ7DEOHPD\EHXVHGWRHVWLPDWHWKHFKDUDFWHULVWLFDQGGHVLJQYDOXHVRIVWHHO\LHOGDQGXOWLPDWHVWUHQJWKV3DUWLDO
IDFWRUV IRU GHVLJQ FURVVVHFWLRQDO DQG PHPEHU UHVLVWDQFHV FRQFHUQLQJ WKH VHUYLFHDELOLW\ OLPLW VWDWHV VKRXOG EH
FRQVLGHUHGE\WKHYDOXHVȖ0VHU 
8QOHVVEULGJHGRFXPHQWDWLRQLVDYDLODEOHRUWKHUHDUHGRXEWVDERXWWKHTXDOLW\RIWKHPDWHULDOXVHGSURFHGXUHVLQ





3.2. Global analysis  
7KHVSDWLDOFRPSXWDWLRQDOPRGHOVVKRXOGEHXVHGIRUJOREDODQDO\VHVRIVWHHOUDLOZD\EULGJHVWRHQDEOHWKHPRUH
SUHFLVH DSSUR[LPDWLRQRI WKH DFWXDO EULGJHEHKDYLRU DQG DOORZLQJ IRU WKH HIIHFWVRI WKHSRVVLEOH LPSHUIHFWLRQVRU
GDPDJHVRIWKHVWUXFWXUDOPHPEHUVDQGEULGJHSDUWV,QWHUQDOIRUFHVDQGPRPHQWVVKRXOGEHGHWHUPLQHGXVLQJHODVWLF
PHWKRG 8VXDOO\ WKH HODVWLF ILUVW RUGHU PHWKRG LV UHFRPPHQGHG WR DSSO\ XVLQJ WKH LQLWLDO VWUXFWXUDO VKDSH ZLWK
UHVSHFWRIWKHUHOHYDQWFULWHULRQIRUDSSOLFDWLRQRIWKHILUVWRUGHUWKHRU\VHHVWDQGDUG>@$FWXDOEULGJHVWUXFWXUDO
PHPEHU¶VFRQGLWLRQVKDOOEHUHVSHFWHGLQJOREDODQDO\VLVRIH[LVWLQJEULGJHVWUXFWXUH3RVVLEOHIDLOXUHVDQGGDPDJHV
LQFOXGLQJ UHOHYDQW LPSHUIHFWLRQV RI VWUXFWXUDO PHPEHUV RU EULGJH SDUWV VKRXOG EH LQYROYHG LQWR WKH DSSURSULDWH
FRPSXWDWLRQDOPRGHOWRWDNHLQWRDFFRXQWLQIOXHQFHRIWKHIDLOXUHVRQWKHILQDOEULGJHUHVSRQVHWRORDGUHVSHFWLQJWKH
ORDGUHGLVWULEXWLRQGXHWRIDLOXUHV&RQFXUUHQWO\WKHLQIOXHQFHRIWKHEULGJHGDPDJHVVKDOOEHWDNHQLQWRDFFRXQWLQ
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$PRQJWKHPDLQUHSUHVHQWDWLYHLPSHUIHFWLRQVDQGPHPEHU¶VGDPDJHVWKHIROORZLQJRQHVVKRXOGEHFRQVLGHUHGLQ
WKHJOREDODQDO\VLV







VWUXFWXUDO PHPEHU RU SDUW LV UHFRPPHQGHG WR EH GHULYHG IURP WKH VKDSH RI HODVWLF FULWLFDO EXFNOLQJ PRGH RI D
VWUXFWXUH DV D XQLTXH JOREDO DQG ORFDO LPSHUIHFWLRQ7KH DPSOLWXGH RI WKLV LPSHUIHFWLRQPD\ EH GHWHUPLQHG IURP
 LQ VWDQGDUG >@ ,Q WKH FDVH RI SODWHG VWUXFWXUHV WKH VKDSHV DQG DPSOLWXGHV RI HTXLYDOHQW JHRPHWULFDO
LPSHUIHFWLRQV PD\ EH GHWHUPLQHG LQ DFFRUGDQFH ZLWK $QQH[ & LQ VWDQGDUG >@ /RFDO LPSHUIHFWLRQV RI FURVV
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VHFWLRQVDQGPHPEHUVPD\EHDOVRDOORZHG IRU LQWR WKHLU UHVLVWDQFHVXVLQJ UHOHYDQW UHGXFWLRQ IDFWRUV IRU IOH[XUDO
ODWHUDOWRUVLRQDORUSODWHEXFNOLQJXVLQJPHWKRGRIHTXLYDOHQWPHPEHUDFFRUGLQJWRVWDQGDUG>@




DQ HOHPHQW LQ FRPSUHVVLRQ LV ODUJHU WKDQ ȡOLP WLPHV WKH JURVV FURVVVHFWLRQDO DUHDZKHUH ȡOLP    DFFRUGLQJ WR
VWDQGDUG>@
:KHQ WKH ORDGFDUU\LQJ FDSDFLW\ RI WKH EULGJH VWUXFWXUH VKRXOG EH VLJQLILFDQWO\ OLPLWHG E\ UHVLVWDQFHV RI YHU\
VOHQGHU FRPSUHVVLRQPHPEHU WKHUH LV DSRVVLELOLW\ WRRPLW WKLVPHPEHU IURPJOREDO DQDO\VLVXSRQ UHDFKLQJ WKHLU
FRPSUHVVLRQUHVLVWDQFHSURYLGHGWKDWWKHHODVWLFUHGLVWULEXWLRQRILQWHUQDOIRUFHVDQGPRPHQWVLVDGPLVVLEOHDQGWKH
UHPDLQLQJSDUWRIWKHVWUXFWXUHLVDOORZDEOHWRFDUU\WKHDFWLQJORDGV







7DEOH  LQ WKH VWDQGDUG >@ /RQJLWXGLQDOO\ VWLIIHQHG FRPSUHVVLRQ ZHEV DQG IODQJHV VKRXOG EH FODVVLILHG
UHVSHFWLQJ WKH UXOHV GHILQHG LQ WKH VWDQGDUG >@ )RU FODVVLILFDWLRQ RI WKH ULYHWHG FURVVVHFWLRQV WKH ZLGWKV RI
UHOHYDQW FURVVVHFWLRQDO SDUWV GHILQHG LQ )LJ VKRXOG EH WDNHQ LQWR DFFRXQW ([FHSW IRU WUDQVYHUVDO GLUHFWLRQ WKH
FODVVLILFDWLRQ VKRXOG DOVR UHVSHFWV WKH ULYHW GLVWDQFHV SDUDOOHO WR WKH DFWLQJ FRPSUHVVLRQ VWUHVV 'XH WR XQNQRZQ
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9SO5G    LVWKHGHVLJQSODVWLFVKHDUUHVLVWDQFH
9EZ5G    LVWKHGHVLJQVKHDUUHVLVWDQFHUHVSHFWLQJZHEVKHDUEXFNOLQJ




$:HO\:HO]   DUHWKHFURVVVHFWLRQDOFKDUDFWHULVWLFV
γ0    LVWKHSDUWLDOVDIHW\IDFWRUIRUFURVVVHFWLRQDOUHVLVWDQFH










SRVVLEOHVKLIWRI WKHFHQWURLGRI WKHHIIHFWLYHFURVVVHFWLRQDODUHD$HII UHODWLYH WR WKHFHQWHURIJUDYLW\RI WKHJURVV
FURVVVHFWLRQDFFRUGLQJWRLQWKHVWDQGDUG>@VKDOOEHDOORZHGIRU
%XFNOLQJ UHVLVWDQFH RI WKH FRPSUHVVLRQ PHPEHU DQG UHVLVWDQFH DJDLQVW ODWHUDOWRUVLRQDO EXFNOLQJ RI PHPEHUV
VXEMHFWHG WRPDMRU D[LVEHQGLQJ VKRXOGEHHVWLPDWHG LQDFFRUGDQFHZLWKDQG LQWKH VWDQGDUG >@7KH
ORDGFDUU\LQJFDSDFLWLHVRIWKRVHPHPEHUVPD\EHGHWHUPLQHGE\PHDQVRIWKHIROORZLQJHTXDWLRQV
( )    1LM b Rd rs Ed LM EdRF N N= −  ( )    0LM b Rd rs Ed LM EdRF M M= − ZKHUH
        b Rd y M b Rd LT y MN A f M W fχ γ χ γ= ⋅ = ⋅      
 
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ȤLVWKHUHGXFWLRQIDFWRUIRUWKHUHOHYDQWEXFNOLQJPRGHRIWKHIOH[XUDOEXFNOLQJ
Ȥ/7LVWKHUHGXFWLRQIDFWRUIRUODWHUDOWRUVLRQDOEXFNOLQJ
7R GHWHUPLQH WKH ORDGFDUU\LQJ FDSDFLW\ RI WKH PHPEHU VXEMHFWHG WR FRPSUHVVLRQ DQG ELD[LDO EHQGLQJ WKH
FRQGLWLRQRI UHOLDELOLW\YHULILFDWLRQLQDFFRUGDQFHZLWKDQG$QQH[%YDOLGIRUPHWKRG LQ WKHVWDQGDUG>@
VKDOOEHDSSOLHG7KHORDGFDUU\LQJFDSDFLW\RIWKLVPHPEHUVKRXOGEHHVWLPDWHGE\PHDQVRILWHUDWLYHDSSURDFK
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